C. Application of Index M ethods:
Catch and Fishery Independent Abundance Surveys

OVERVIEW

Despite an unmatched time series of synoptic research vessel-based surveys, the ability to apply
age-based assessment modds to marine finfish stocks in the Northeast USA islimited by the number of
years for whichage samplesare available. Typicaly this means that such assessmentsarerestricted totime
periods beginninginthelate 1970'sor early 1980's. In many instances, severe overfishing of the resource
has aready occurred, and the information content of the available series may be problematic for the
esablishment of biomass reference points. In these Stuations, it is desirable to apply methods that can
incorporate higtorica catch information, thereby avoiding a myopic perspective on resource conditions.
In this report, a number of index-based approaches are developed to more fully utilize the data sets from
the surveys and higtorical landings. The methods are technically smple but are based onlinear population
models, modern graphical methods, and robust statistical models.  The concept of a replacement ratio is
introduced here asan andyticd tool for examining the historical behavior of a population and any potentia
influence of removas due to fishing activities.

To test these concepts and to facilitate comparisons, the analyses were applied to boththe aged
and un-aged stocks. Index-based methods for reference point estimation were conddered in light of the
specific god of identifying the limit rdative fishing mortdity rate (relF) that is associated with stock
replacement, in the long term. The replacement ratio method was applied to revise estimates of F proxies
for ax stocks: Gulf of Maine haddock, Mid-Atlantic yellowtail flounder, pollock, northern and southern
windowpane, and ocean pout. In some cases, biomass proxies and MSY values were aso updated for
these stocks. Catch forecasts are devel oped for al of the 19 stocks considered as part of the Northeast
multispeciesgroundfishcomplex. For alimited number of stocks, index-based forecasts are compared to
age-based estimates. The proposed methodol ogy was applied to summer flounder and scup asan adjunct
to the analyses prepared by the respective subcommittees for these species for SARC 35.

Index-based approaches can be viewed asimportant tools for the identification and devel opment
of parametric models of stock dynamics. Additional smulation work is necessary to support the
theoretical bass for the method and the limits of its gpplicability.

INTRODUCTION

One of the core problems in fisheries science is the estimation of the scaling factor between
estimates of relative abundance and true population Sze.  This scaling factor is generdly caled the
catchability coefficient. Assessment modedsthat rely on VPA utilize the record of age-specific catchesto
approximate the virtud population. Theutility of the virtud population asameansof estimating catchability
rests on assumptions that the losses due to fishing are both known and large rddive to naturd mortdlity.
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Age-structured assessments are data intensive and their scope is restricted to years in which both catch
and abundance indices can be aged. Such redtrictions can greetly reduce the number of the number of
years available for analyses. For Northeast USA stocks this often precludes consideration of large-scale
reductions in abundance coincident withthe presence of distant water fleetsinthe 1960's and early 1970's.

Reduced-parameter modds are often used to andyze non-age structured models. The most
common example is the surplus production modd (see Prager 1994 for review and modernapproaches)
but the Collie-Sissenwine modd (Callie and Sissenwine 1983), and delay-difference models (Schnute
1985) are dso candidates. Even these ample modds may fail when the dynamic range of population
responses and/or fishing mortdity rates is andl (Hilborn and Walters 1993). For example, atime series
characterized by continuoudy declining abundance indices contains rdatively little information about  the
productive capacity of that stock. Under these circumstances the maximum population biomass (K) is
edimable only if it assumed that the initial populationsize represents an unfished stock. This assumption is
rarely tenable for Northwest Atlantic stocks that have been fished for hundreds of years and monitored
since 1960.

The Collie-Sissenwine modd replaces a structurd model for biomass dynamics with a sequence
of recruitment estimates and smple mass baance equation. The increased parameterization may lead to
ingtabilityinthe catchability coefficient and therefore, populationestimates. Asin delay-differencemodels,
poorly specified growth parameters and sampling variability can greetly influence the ability to estimate
abundance. Even the smplest parametric models may be difficult to fit to data characterized by large
observation errors.

In this report  we explore the generd trends in abundance and fishing mortdity deducible from a
time series of catch (or landings for some species) and survey indices. For al stocks, only the total catch
(mt) and autumn and spring research trawl survey indices (kg/tow) are utilized. We explore the relative
fishing mortdity rate, defined as the ratio of catch to survey index, and relate it to what we cdl the
replacement ratio. The replacement ratio isintroduced here as anandytica tool for examining the hitorica
behavior of a population and any potentid influence of removas due to fishing activities. To test these
concepts and to facilitate comparisons, the analyses were applied to both the aged and un-aged stocks.

REPLACEMENT RATIO THEORY

The replacement ratio draws from the ideas underlying the Sissenwine-Shepherd modd, delay-
difference models, life-history theory, Collie-Sissenwine mode, and statistical smoothing (Smonoff 1996).
We begin by defining |; 5, asthe j-th relaive abundance index for species-stock unit sat timet and Cs,
as the catch (or landings) of species-stock unit sat timet. The Ssmple rdative fishing mortaity rate with
respect to index type |, stock sand timet is defined astheratio of Cg to 1j,s, Thisratio can be noisy,
owing to imprecison of survey estimates, and the variation can be damped by writing the relative F asa
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ratio of the catchto some average of the underlyingindices. Following the recommendation of the previous
reference point panel review team (Applegateet d. 1998), rddive F isdefined astheratio of catch in year
t to acentered 3-yr average of the survey indices.

C
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Note that under this definition, the estimates of rative F for thefirg and last years of atime series
are based on only 2 years of data.

Noise in the survey indices dso affects the ability to reate inter-annua changes in abundance
edimates to remova from fishing. The generd gpproach of averaging adjacent yearsto estimate current
stock sze underlies statistical smoothing procedures (e.g., LOWESS) as well asformd time seriesmodels
(e.g., ARIMA methods). Oneof thedifficulties of applying such approachesin the present context, isthat
the derived parameters, if any, are unrdated to the species biology or any aspect of the fishery.
Moreover, we are interested inabasic questions of whether the current stock isreplacing itsdf and whether
the current levd of catch istoo high or low. Population dynamics models usudly cometo the rescue and
alow approximate answersto these questions. However, if age-structure models cannot be applied, and
more importantly, if the recent history of the fishery is uninformative, then most mathematicad mode s will
fal. The underlying reasons for modd failure may not be immediately obvious from andyssof sandard
diagnogic measires.  Of greater concern is the issue of the model mis-specification, wherein an
inappropriate model adequatdly fitsthe data but leadsto deductions incondstent withbasic biology and the
fishery.  The proposed replacement ratio isa“ data-based” technique reying onfewer assumptions. No
technique however, can fully compensate for model mis-specification errors.

If we assume that the surviva fromeggs to the juvenile stage is largdly independent of stock Size,
then the number of recruits will be proportiond to stock size. Locdly, (i.e, inthe neighborhood of agiven
stock sze) this assumption holds for any stock-recruitment function. Since a population is a weighted
sum of recruitment events, the interannua change in tota stock size tends to be smdl relaive to the totd
range of stock sizes (at least in the Northeast USA). Recruitment in any year is likely to be smdl relative
to the biomass of the total population. Thus, the change intotal biomassislikdy to be smdl relative to the
change in annud recruitment. Although the mathematics are more complicated than this ,the argument is
based on the premise that if Var(x/1) = F2 then Var(Ex/n) F2/n.  Of course, the magnitude of such
changes depends on the variation of recruitment and the magnitude of fishing mortality.
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Using the linearity assumption defined above, we can employ basic life history theory to write aoundance
a timet asafunction of the biomasses in previous time periods. The number of recruitsat timet (R,) is
assumed to be proportiond to the biomass a timet (B;). Moreformaly,

R=5EzB O

where Egg isthe number of eggs produced per unit of biomass, and S, isthe survivd rate betweenthe egg
and recruit stages.  Surviva for recruited age groups at ageaand timet (S, ;) isdefined as
e F,-M,

5= ®)

where F and M refer to the instantaneous rates of fishing and natural mortdlity, respectively. We aso need
to consder theweight & ageaand timet (W, ) and the average longevity (A) of the species

Using these standard concepts we now writethe biomassat timet as a linear combinationof the A previous
years. Without loss of generdity, we can drop the subscriptson the surviva termsand assumethat average
weight a ageisinvariant withrespect totime. Further, set the product S, Egg equal to the coefficient *".
The biomass at time t can now be written as

By = R S'Wy + R oS + R o8W ¢ .+ Ry 0S4 W,y + RS, O

Substituting Eq. (2) into Eq. (4 ) leadsto

B, = «B, \S'W) + aB, ,8°W, + aB, (S, + . + aB 0 S, + € B ST, (9

Dividing the left hand Sde of Eq. (5) by the right hand side specifies the identity

B,
! = (a
B, ;S'W, + «B, ,8°W, + B, ;8°W, + . + aB, 4 S W, + aB, S,

Inasteady state, non-growing population, B=B_,= ...=B,., for dl vduesof n. Therefored| of the biomass
terms drop out of Eq. (54) leading to:
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1= S, + «SW, + «S°W, + . + £S4WW, | + uS4W, B

If wewriteN; = ** SW; then Eq. (5b) impliesthat

4
1=5¢, (o
1

Moreover, sincedl of the component teemsof N; i.e, " S W, aredl positive non-zero values, Eq. (5¢)
dsoimpliesthat dl N; terms are less than or equal to one. Findly, Eq. 5to 5¢c imply that the biomass &
time t mugt beamoving average of the previous biomasses whose offgpring comprise the populationat time
t. Equations5-5¢c further imply that coefficients can be written in terms of basic life history and fishery
parameters. In particular, if one writes F,; as the product of age specific partid recruitment and afishing
mortelity rate, say F., thenthe N; terms serve as a explicit empirical test of the assumption that the
population trajectory is shaped by anoptima fisingmortdityrate.  WritingN;="" SW, = S, Egg SW,
and subgtituting these terms into Eq. (5¢) leads to:
§,=—— &

4
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Eq. 5d issmilar to the expression derived by Vaughan and Saila (1976) for the solution of the first year
aurvivd termsin aLedie matrix mode.  The parameter S, representsthe survivd rate from the egg to the
age at recruitment. It also serves as the primary scding factor for the Ledie matrix mode in which the
dominant eigenvaue is defined as one.

Populations are probably never at equilibrium but the rdlevant question is whether the departures from
equilibrium are important.  The structural smoothing equation proposed above congtitutes an explicit
hypothesis of the age-pecific weighting factors that would shape a population at equilibrium.

We can now explicitly test the hypothesis that the population is at equilibrium by subgtituting observed
indices of abundance into the equilibrium modd (Eq. 59). If the index of abundance I, is proportiond to
abundance B, we can write |, = g B; where( isthe catchability coefficient. Subgtituting this rdaionship
into Eq. 5aresults in expression that we have called the replacement ratio Q,

k
'E':- I q @
el o 0 e T30 b Ny Red gy
q q9 q q q

35" SAW Consensus Summary 203



By noting thet the o' s cancel out, and letting N; = ** SW, , Eq. 6 smplifiesto
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Under the null hypothesis that the populationis at equilibrium and not growing, Eq. (6) can be used
as ameasure of population trend. If the coefficients of the moving average are explicitly defined asfrom
externdly derived parameters(i.e., S, Egg, Frareer, M, PR, W;) thenreplacement ratio Q, canbe used
as an explidit test of the equilibrium assumption. Deviationsfrom Q, =1 imply either violations of the
assumptions embedded in the estimated  N; weighting terms, measurement varibility in the abundance
indicesl;, or widevariationsinrecruitment. Over time, deviaions attributable to either measurement error
or recruitment are less important than those attributable of variationsin the component termsof N; The

maost important of these termsiis fishing mortdity.

Condderations on the Applicability of the Replacement Ratio

204

1) Under the assumption that recruitment is proportiona to abundance R; = S, Egg B;,
andthat S, and Egg are congtants, the populationwill decline when F increases above its
nomind vaue and increase when F is below its nomind level.  Thus Q, will be a
decreasing function of F and will equa 1 when F=F;pgger-

2) If recruitment is assumed to be congant then R, = R, and the behavior of the
replacement ratio will be fundamentaly different. Increases in F will induce an initid
reductionin Q, asthe population declines to a new equilibrium level consistent increased
vdue of F. However, as the population approaches this new equilibrium level, the
replacement ratio will once again approach unity. Conversdly, areduction in Fwill induce
an increase in population size and atransent increase in Q, followed by agradud return
to one as the population approaches its new equilibrium level associated with the
decreased veue of F.  For these cases, the relationship between Q, and relF would
consst of multiple stable points. The replacement ratio will be one for multiple levels of
relF. Vaues of Q, above or below one would be attributable to transient population
dtates as the population moves to its new equilibrium point. 1t should be noted that the
assumption of constant recruitment, irrespective of stock size, invokes the most extreme
form of dendty dependence possible. Congtant recruitment implies that the R/SSB ratio
approachesinfinity at the stock size (SSB) approaches zero. Consistent trendsin F, from
low to highor viceversa, would tend to maintain the transent behavior in the replacement
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ratio for longer periods. Therefore, the relationship between Q, and rdaive F would
approximate that observed in paragraph 1).

3) The behavior of the replacement ratio in Stuaions where the underlying stock
recruitment function invokes varying degrees of compensation (say a Beverton-Holt
relation), will be intermedi ate between behaviors described in paragraphs 1) and 2) above.
If the stock is near carrying capacity then deviations from an average leve of recruitment
will be amdl. For this situation, the behavior of the replacement ratio will be smilar to that
described inparagraph 2). When the populationissmdl rdativeto theleve that produces
maximum or near maximum levels of recruitment, the behavior of Q, and its relationship
to relaive F should be smilar to that described inparagraph1). The ability to digtinguish
between the behaviors in Q, induced by smultaneous changes in F or constancy in
recruitment (as the population increases toward some designated level), will be difficult.

4) Many, if not most, of the stocks in the Northeast are at relatively low levels of
abundance and have experienced, until recently, extended periods of increasing fishing
mortdity. If the populations are controlled by some form of density-dependent stock
recruitment function, it is likely that the recruitment is nearly linear in the vicinity of the
current stock size. Under these conditionsit is expected that the relationship between Q,
and relF should be smilar to that described in paragraph 1).

5) For stocks that are approaching carrying capacity or the some vaue at which
recruitment becomes nearly congtant (e.g., Georges Bank ydlowtall flounder), the utility
of the derived vaue of the relF a replacement is compromised. In this circumstance, a
piecewise examination of the datamay be indructive.

Appropriate Number of Termsin Moving Average
Thesurviva term S is equivaent to the I, term in the Euler-Lotka equationfor popul ationgrowth
(I is the probability of surviving to agex). For high levels of fishing mortdity the S term is decreasing
faster than the average weight Wi isincreasing. Thusthe importance of earlier indices rapidly diminishes.
All of thel, and N; termsare posttive, and at equilibrium, 1,=1,,; and 1, =G N; I; bothhold. Therefore,
G N; =1and dl of the N; >0 . It would be desirable to express each of the N; weighting terms as
function of the underlying populationparameters. Asexpected, increasesin fishing mortdity increesethe
weight to more recent indices, whereas the converse hold for lower fishing mortdity rates. As an
gpproximation for this initia analyses, we assumed thet dl of the N; = N whichimpliesthat N = J/A.

Giventhe highrate of fishing mortality observed inNortheast stocks, we further assumed that A=5
was a veid approximation. Note that even moderate levels of fishing mortdlity imply low N; vaues
beyond the fifthterm. (e.g., F=0.5, M=0.2imply S = 0.03. For the fifth to be important the ratio of the
weights betweenthe youngest and oldest ages would have to be greater than 1/S° which, for thisexample,
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would exceed 33.  Asalfirst gpproximation, we defined N; =1/5for dlj.  Thus Eq. 7 becomesthe
ratio of the current index to the average of the 5 previous years.

A limited amount of testing was conducted to evauate the gpplicability of the 5 term smoothing
model. For severa stocks it was possble to examine the relationship between spawning stock biomass
and recruitsderived fromlong series of data. Thesestocksincluded GeorgesBank haddock (1931-2000),
redfish (1952-2000), Georges Bank ydlowtal flounder (1963-2000), Southern New England ydlowtall
flounder (1963-2000), and Gulf of Mainecod (1963-2000). Crosscorreation anaysesof therelationship
between SSB and recruits suggested Satistically sgnificant corrdations at lags of 1 to 5 years for SNE
ydlowtall flounder and GB yelowtail flounder, and lags of 1 to 8 years for GB haddock (see Fig. 3.1t0
3.4). Interegtingly, the cross correlations between SSB and recruits for redfish first become significant a
about 7 years lag. Correlations with lags between 6 and 10 yr approach the dtatistically significant
threshold, suggedting that the lags underlying the fit of the mode can be “recovered” using standard
datigtica techniques. This bodes well for additiona analyses of the replacement ratio and implementation
of more forma methods of modd identification.

Asadementary test of this principle, linear regressionwas used to fit a zero intercept modd of the
form: SSB(t)=aR(t-1) +b R(t-2) + ¢ R(t-3) + d R(t-4) +e R(t-5) to the Georges Bank haddock stock.

Ef f ect Lag Coef fi ci ent Lower < 95%  Upper
R1 1 0. 209809 0. 097675 0. 321944
R2 2 0.219194 0. 101660 0. 336728
R3 3 0. 376315 0. 259659 0. 492971
R4 4 0. 253541 0. 135948 0. 371133
R5 5 0. 206456 0. 094681 0. 318231

The unweighted mean of the coefficients is 0.252 and more importantly, there seemsto belittle
variation in the magnitude of the coefficients with this range of lags. Hence the assumption that the N; =
N ~ VA ispatidly satisfied. Further smulation testing of this property is warranted.

A dmilar anayses with redfish was also conducted, but the lags of 6 to 10 years were used to
account for the pattern observed in the crosscorrdationplot ( i.e., SSB(t)=aR(t-6) +b R(t-7) + ¢ R(t-8)
+ d R(t-9) +e R(t-10)). Results shown below, suggest that an assumption of equal weighting within the
replacement ratio may be a reasonable working hypothesis.

Par amet er Lag Estimate A S E Par am ASE Lower < 95% Upper
R6 6 0. 237457 0. 069769 3. 403497 0. 095512 0. 379403
R7 7 0.253191 0.071008 3.565651 0.108723 0.397658
R8 8 0.412828 0. 100267 4.117281 0.208833 0.616823
R9 9 0.379631 0. 099645 3.809814 0.176901 0.582361
R10 10 0. 376568 0. 098226 3. 833696 0.176726 0.576410
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RELATION BETWEEN REPLACEMENT RATIO AND RELATIVE F

Application of any smoothing technique reflects a choice between signa and noise (Rago 2001)
A grester degree of smoothing diminates the noise but may fall to detect true changesinthesgnd. Given
the aorupt changes in fishing mortdity that have occurred in some Northeast stocks, we choseto utilize the
current year inthe numerator of the replacement ratio. Use of the current index in the numerator rather than
arunning average of say k years, increases the sengtivity of the ratio to detect such changes. The pendty
for such sengtivity isthat the proportions of fase postives and fase negative responses increase.  This
penalty was judged acceptable for two reasons. Firg, it isdesirable to detect abrupt changes in resource
condition given the magnitude of recent and proposed management regulations. Second, the current
formulationof the replacement ratio hasa natura reaionship to stock-recruitment hypothesesand the ratio
can be investigated as a function of variations in underlying parameters, especidly survivd. Alternative
formulations of the replacement ratio, say with a 2-yr average population Sze in the numerator can be
developed, but their basic properties have not been investigated.

When fishing mortaity rates exceed the capacity of the stock to replace itsdf the population is
expected to decline over time. The expected behavior of Q, under varying fishing mortaity and
recruitment is complicated, but it will have a gtable point = 1 when the fishing mortdity rate isin balance
withrecruitment and growth. Variaionsin fishingmortditywill induce complex patterns, but in generd
terms, Q, will exceed 1 whenrdative F istoo high, and will be bdlow 1 when Fistoolow. To account
for these generd properties and to reduce the influence of wide changesineither Q, or therdaive F, we
applied robust regression methods (Goodall 1983) to estimate the relative F corresponding to Q, =1.
The parameters of the regresson model were estimated by

BF) = a+bhilF) @

minmizing the median absolute deviations. Median Absolute Deviation estimators are known as MAD
esimatorsinthe tatigtical literature(eg. Mosteller and Tukey 1977). Residudswere downweighted using
abisquare distribution in which the sum of the MAD standardized resduas was set to 6. Thisroughly
corresponds to argection point of about plus or minus two standard deviations from the mean. (Goodall
1983).

Therdative F a which Q, = 1 was estimated from Eq. 8. as

relf, oo = ¢ alb (5)
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where the estimates of a and b from Eq. 8 were subgtituted into Eq. 9. This derived quantity may be
appropriately labeled as a threshold since vaues in excess of it are expected to lead to declining
populations. Alternatively, populations are expect to increasewhenreF, <reF, «0q - EMmploying the
genera standard that managers should attempt to rebuild fish stocks within 10 years, we estimated the
relative fishing mortelity rate a which the expected value of Q, = 1.1 asameasure of relF 4. Applying
alittle algebrato the Eq. 8 leads to the following estimator of relF ;-

0.09531-a
welF =g b (10)

The asymptotic standard errors of relFy, eq01q aNd rélFy, o Were derived from the Hessian matrix of the
regresson model.

RANDOMIZATION TESTS

The usud tests of statistica sgnificance do not apply for the model described in Eq. 8. The relation
between Q, and reF, is of the general form of Y/X vs X where X and Y are random variables. The
expected correlation between Y/X and X is less than zero and isthe basis for the oft tated criticiam of
spurious corrdation.  To test for spurious correlation we developed a sampling distribution of the
correlation satigtic usng arandomization test. The randomization test is based on the null hypothesis that
the catch and survey time series represent a random ordering of observations with no underlying
asociaion.  The randomization test was developed as follows:

1. Creste arandom time series of length T of C, ; fromthe set {C;} and I, ; fromthe set {1} by
sampling with replacement.

2. Compute a random time series of rlaive F (relF, ;) and replacement ratios ( Q, ;)

3. Compute the r-th correlation coefficient, say D, between In(relF, ) and In( Q, ;).

4. Repeat steps 1 to 3 1000 times.

5. Compare the observed correation coefficient r ¢ with the sorted set of D,

6. The gpproximate sgnificance leve of the observed correlaion coefficient r ., is the fraction of
vauesof D, lessthan r

It should be emphasized that relF is not necessarily an adequate proxy for Fmsy, sncethis parameter only
edimates the average mortdity rate a which the stock was capable of replacing itsef. Thus, while rdF
defined as average replacement fishing mortdity is a necessary condition for an F, proxy, it is not
aufficient, sincethe stock could theoreticaly be brought to the stable point under aninfinitearray of biomass
states.
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Even with an estimate of relF derived from the above procedure, externally-derived estimates of B, or
MSY are necessary inorder to develop consstent estimatesof dl the management reference points MSY,
Bmsy and Fmsy or their proxies. For index-based assessments these terms are related by

MSY/lgpne, = relF

where g g, iSthe survey index associated with Bmsy. Knowledge of any two of these terms alows for
estimation of the third. For some index stocks (e.g. Gulf of Mane haddock) anexternal estimate of MSY
was considered, based on average catches over a stable period. For others, the Ig,g, proxy was
considered morereliable.

GRAPHICAL ANALYSES

The sx panel plot developed for the “index” species attemptsto show the interrdationshipsamong
survey estimates of abundance, landings, functions of landings and rddive abundance, and time.  Thetwo
functions of landings and rdaive abundance considered are the replacement ratio (EQ. 6, section3.0) and
relative F (Eq. 9, section 4.0). The concept of using multiple panels to relate multiple varigbles over time
has been advocated for usein fisheries science(e.g. Clark 1976, Hilborn and Walters 1992) and other
fields(eg. Clevdand 1993). The 6-pand plots attempt to show thelogicad connections among variables
and to estimate underlying biologica rates.  The example for GOM Haddock (Fig. 6.1) will be discussed
in detall here.

Thefirst aspect to note about the plotsare the shared axesinthe top four plots (A. B., C, D) and
F. Panels B , D and F show the time seriesfor the replacement ratio, the fal survey index, and the rdleive
F, respectively. Thehorizontd linein A and B isthe replacement ratio =1 line. The relaionship between
the replacement ratio and relaive F in pand A isthekey to understanding theinfluence of fishing mortdity
on stock size. Pand A is a phase plane that describes the relationship betweentwo variables ordered by
time. The degree of association between these variablesis characterized by aGaussan bivariate dlipsoid
withanomind probability level of p=0.6827 equivalent to + 1 SD about the mean of the x and y variables.
The primary and secondary axes of the dlipseare the fird and second principa components, respectively.
When the degree of association between relative F and replacement ratio decreases, the dlipsebecomes
more circle-like. The implication is that either the survey is too imprecise to detect changes induced by
higoricd levels of fishing removads, or that the levels of fishing effort have been too low to effect changes
inrelaive abundance. These dternatives can often be distinguished by congderation of the sampling gear
anditsinteractionwiththe behavior of the species. Smilarly incompleteness of the catchrecord, particularly
for gpecies in which the magnitude of discard mortdity has varied widdly, is another criticd factor in the
interpretation of the confidence dlipse.
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The assumption that the relative F and replacement ratio have ajoint bivariate norma distribution
in the log —Hog scde may not hold for dl (or any) species. In particular, the replacement ratio modd is
designed to be sengdtive to contemporary changes, so that by definition it will be highly varigble. Large
changesthat are subsequently validated by future observations imply true changes in population satus.
When the converse is true, it is proper to conclude that the change was an artifact of sampling variation.

The degree to which high resduds influence the pattern is tested using the robust regression method of
Tukey (Mogteller and Tukey 1977) that downweights large resduas usng a bisquare distribution (see
Goodall 1983 for details). Thusthe regression line in pand A will not be digned with the primary axis of
the dlipse when high resduds digtort the confidence dllipse.  The expected value of correlation between
the replacement rate and rdative Fisnegative. Theempirically derived estimate of the sampling ditribution
for the correlation coefficient , via the randomization test, provides away of judging the Sgnificance of the
robust regression line.

The predicted value of relative F at which the replacement ratio is 1 is defined by Eq. 8 and
denoted by the verticd linein Pand A and B. The precision of that point depends largely upon where it
lies within the confidence dlipse. If the confidence dlipseis nearly centered about the intersection point,
then the precison of the relative F threshold will be high. Thisdso indicates that over time, awide range
of F and replacement ratios greater than one have beenobserved. In contrast, when theintersection point
liesinthe upper right portionof dlipse, the precisonwill below. Thisis, of course, isacommonproperty
of linear regressoninwhichthepredictioninterva for Y increaseswith the square of the distance between
the independent variable X and its mean. Thus a high degree of correlation between rdative F and the
replacement ratio does not necessarily ensure high precisonin thethreshold if relatively few observetions
have replacement ratios greater thanone. Pand A demondrates, inadightly different way, theimplications
of the “one-way trip” described in Hilborn and Walters (1992)

Pand C depicts the phase plane for relative biomass (i.e, . The index) and the rdative F. At
equilibrium, the population should move up and down a linear isocline. The degree of departure from
lineaxity reflects both sampling variation as wel as true variations induced by recruitment pulses and its
trangent influenceontotal biomass.  Thusthetrace of points can give useful indghtsinto parametric modd
selection of population dynamics under exploitation .

The smple data of catch and survey are generdly not sufficent to estimate smultaneoudy both the
threshold F and biomass targets. This property characterizesthe common property of indeterminancy of
rand K in standard surplus production models. For the GOM haddock example, the relative biomass
target is defined externd to the modd (Pandl C and D).

To facilitate the detection of tempord patterns, Lowess smoothing is gpplied in pands B, D, and
F. A rdaivey lowtenson=0.3 (i.e., 30% of the span of dataare used for the estimate of each smoothed
Y vdue) is used to dlow for more sengtive flexing of the smoothed line. As noted earlier, the heightened
sengtivity is desrable for this particular application in fisheries management.  In a sense, the Lowess
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smoothing counterbaances the sensitivity built into the definitions of replacement ratio and reldive F, by
damping the rates of change and adlowing for detection of genera trends.

Thefind point to note is that the 6 panel plot may alow one to develop a reasonable picture of
the population dynamics in relation to exploitation. With the exception of abrief period inthe late 70's
the replacement rate for GOM haddock was below one and continued its downward trend until 1990
(Panel A). Thiswas accompanied by acontinuoudy decreasing population size (Panel D). The reduction
inlandings fromnearly 8000 mt in 1984 to less than 500 mt by 1989 (Panel E) greetly reduced thereative
F (Pand F) bdow the threshold level and subsequently led to the replacement ratio exceeding one. The
inter-relationships among Pandls B, D, and F resemble the kinetics of simple chemica reactions and
conceptualy one should look for counteracting trends among indices and the influence of the trends in
catch and relative survey abundance.

Graphica analyses of dl 19 Northeast stocks for the fall and spring surveys may be found in the
Find Report on Re-Evauation of Biologica Reference Points for New England Groundfish (NEFSC
2002).

PROJECTIONS FROM INDEX-BASED METHODS

Simple Forecagts for Index Stocks

The estimates of relFyyesnoig @0 I élF 50 fromEq. 9 and 10 respectively, can be used to project
the expected catches during any forecast period. Under the theory, multiplication of the current
abundanceindex |, by relF enoq l€80Sto anesimateof Ct. If theestimate of relF iy, enoiq 1S UNbiased
thenthe popul ationisexpected to remain constant. Thisleadsto the rather uninteresting forecast of constant
catches over any time horizon. Conversaly, when the populationisfished a relF, 4 , the population is
expected to grow by anaverage of 10% per year and the catcheswill grow at agmilar rate. For short time
periods and low initid population sizes, this gpproximation is likely to hold. Results of this gpproach,
summarized in Table 2, suggest a reasonable degree of coherence with rebuilding schedules and catch
projections derived from more complicated age-structured models. Thus, the catch projection estimates
for the species without more complicated models may be used for planning and management purposes.

Edimates of rdative F at replacement, generated for al stocks and surveys, are summarized in
Table 1. In addition the estimates of the rdaive F necessary for a 10% growth rate of the population are
providedinTable 1. The 10% criterion for population growth should not be construed as afixed vaue or
stentific recommendation. Rather, it provides a rough measure of the population’s capacity for growth
that is conggtent with the avaldble data. The precison of this estimate as well as the rdative F a
replacement is provided aong withthe results of the randomization tests to test for spurious correlations.
In generd, low precison of the estimates of relF at replacement are associated with uninformative times
series. These times series dso suggest awesk relationship between the replacement ratio and relaive F.
Inmost ingtancesthe andysesfor the NM FS spring trawl survey mirror the resultsfor the longer time series
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of autumn (fdl) indices. Table 1 ds0 provides acomparisonbetweenthe current 3yr average of reative
F and the predicted relative F s at replacement and at 10% growth rate. The ratio of the current relative
F to these nomind target leves provides an dternative measureof the rel ative magnitude of fishing mortdlity.

The index based method can adso be used to generate smple projections of landings over the
period 2002-2009. Catch estimates are obtained by multiplying the current population vaue (in kg/tow)
by the target relative F ( 000 mt/(kg/tow)) in Eq. 10. Thus:

8=relF,, ., I,

By definition, gpplication of relF,4  to the population resultsin 10% rate of increase per year.
Of course this assumption is appropriate for alimited number of years. A 10% rate of population increase
implies a doubling of the population in roughly 8 years. In more forma notation, we can project the
population status as.

Lo = 1% I(F=relF, >

Recursive applicationof the above two equations dlowsfor projection of the population status (in
unitsof kg/tow) and catch (in thousands of mt; Table 2). Comparisons of recent average catcheswiththe
average during the rebuilding period suggest that landings would have to be reduced for most species. Note
however, that these catch projections are not defined interms of atarget index biomassat the end of 2009.

Due to the developmenta nature of these analyses, they should not necessarily be considered
reliable for the purposes of management. Initia comparisons however, between these projections and
those generated by the age-structured model's, suggest reasonable coherence.

Complex Forecasts for Index Stocks

Forecasts for index-based stocks rely on the basic concepts that the 1) the survey indices are
proportional to stock biomass, 2) fiding mortdity is proportiond to the ratio of total catchto survey index,
3) population growth rate can be expressed as a linear function of stock size, and 4) the relaionship
between the replacement ratio (Eg. 7) and rdaive F canbe summarized withalinear regressonin the log-
log scde. The index-based can provide useful advice onthe current magnitude of fishing mortdity and the
gpproximate magnitude of reduction in F necessary to initiate rebuilding for depleted stocks.

Extenson of the index approaches to estimate catches conastent with rebuilding plan requires
consderation of several additiona factors. These indude the magnitude of the desired increase in
populationsze, the time frame over whichthe target populationgze isto be attained, and catchesthat may
have been removed fromthe popul ation Snce the estimate of relative dengity was obtained. (Inthis specific
example, the population in must be advanced to the start of 2002 based on the removasin 2001.) As

212 35" SAW Consensus Summary



noted earlier, the index methodol ogy is not sufficient to uniquely specify the target leve of relative biomass.
Instead this information is obtained from examinationof the trgjectories of one or more survey indices, and
externd information about the historicd fisheries.  These data are often sufficient to dlow scientigts to
define a proper target biomass. In most instances the defined target biomass coincides with a period of
moderate to high abundance, stable catches and replacement ratios at or above 1.0.  Leét I1arger(T)
represent the desired rdative populationsze at year T, the end year of the rebuilding period. The current
condition of the resource at the tart of the rebuilding period is defined as | o yrgent(t) - 1N Order to grow
from | cyrrent(t) 10 11arcer(T) Over the period t to T the population must grow at a constant average
rate of at least Q,eyiiq Which is defined as:

hg‘[ Immn(b]
IT-t

Ve =

The next step is to estimate the relative F necessary to induce a population growth rate equal to
Qieniilg-  The robust linear regressonmode (Eq. 8 Working Group Report) can be used to estimate the
relative F sufficient for rebuilding (rdF q,.i1)- This can be defined by rearranging Eq. 8 (Working Group
Report) to solve for reF g4 asfollows:

¥ ohata ~ @
b

The projected catches cons stent with the rebuilding strategy can now be estimated by multiplying
the relative F by the current index of abundance, i.e,

relF ong =

Copgs® = 1elF, o 0s IO)

The lagt step in the projection process is to project the population to the next year. This is
accomplished by multiplying the current populaion by the Q,eyiia.

etty = @ o 00 IO

The preceding two equations are Imply gpplied recursvely until year T, the end of the rebuilding
period.

A complication that arises for projection of catches in 2002 and 2003 is that neither the catches
nor survey vauesin 2001 were available when theindex-based reference pointswere derived. Thevaues
inTables1 and 2 represent estimates for year 2000 relative biomasses and rdative fishing mortaity rates.
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Thus it was necessary to advance the population to the start of 2002 before gpplying Eq. 1to 4.  The
following approach was used:

1. Project the population in 2000 to 2001 by computing the predicted replacement ratio (i.e.,
growth rate) associated with the average relaive F in 2000.

W 3000y = exp®* B 0B

2. The average predicted population sizein 2001 is obtained as.
'Pm I(2000) + J(2000) + J(1599)
3

3. Therdative F for 2001 asthe retio of catch divided by the predicted population Size. To retain
consstency with the methods used in Table 2, the point estimate of relative Fin 2001 is
edtimated astheratio of catch over average relative biomass of the three year period as

kooo1) =

follows:
relF(2001) = C(2001)
22001y + I(2000) + I(159%)
3

4. Subgtitute the result of Eq. 7 into Eqg. 5 to obtain the replacement rate associated with the
removalsin 2001.

P (2001 = exp® * b LR o)

5. Project the population in 2002 is Smilar to the step 2 except that the estimates are substituted
for the replacement rate in 2001 and relative biomass in 2001.

¥ oo 2001 + 22001y + J2000)

12002 = 3
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6. Equations can now be applied recursavely usang relF, g to estimate the catchesin 2002 and
2003 consgtent with the long term god of restoring the population to lyagger iINyear T
=20009.

Anadditiond complication ariseif the predicted relative populationsze in 2002 exceed the target
index measure. This arises for GOM haddock because the recent low relative Fslead to the prediction
of high replacement ratios. For this stock, the relative F was capped at the replacement level of F.
Therefore the catches and population Szes are predicted to remain constant over the rebuilding period.
Reaults of these forecast methods are summarized for index-based and age-based stocksinTables 3 and

4, respectively.

Comparisons with Age-Based Projections

Applicationof the above forecast proceduresarecompared to age-based assessmentsfor Georges
Bank cod, haddock, and yellowtail stocks (Fig. 7.1, 7.2, 7.3, respectively), Guif of Maine cod (Fig. 7.4),
Cape Cod ydlowtal flounder (Fig. 7.5), Americanplaice (Fg. 7.6), witchflounder (Fig. 7.7), and Acadian
redfish (Fg. 7.8). Comparisons of index-based catches were aso done for the Southern New England
stock of winter flounder (Fig. 7.9). Resultsof comparisonsare mixed. Projectionsfor Georges Bank cod
and haddock are smilar for both methods and the survey methods lie within the 80% confidence interval
for the age-based projection. American plaice and redfish aso show a high degrees of overlap.
Comparisons for the other stocks, however, reveal moderate to severe deviaions. The correations
between the catch projections are very high but the scaling issues need additiona work.

Stock Correlation
between age and index-
based catch projections
GOM cod 0.974
GB cod 0.998
GB haddock 0.973
GB yellowtail 0.628
flounder
CC yellowtail 0.178
flounder
Amer Plaice 0.061
SNE winter 0.924
Redfish 0.65
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L ack of correspondence betweenthe two approaches appearsto be greatest for stockswhichare
ether rebuilding rapidly (e.g., GB ydlowtall) or stock requiring mgor rebuilding. | anticipate that amore
thorough examination of the prediction error in the regresson model for replacement ratio and relative F
will dlow for more rigorous comparisons. It should aso be noted that the vdidity of replacement ratio
concept diminishes for stocks whose fishing mortality rate greatly departs from the replacement F.

APPLICATION OF THE ENVELOPE PLOT

The“Enveope Plot” isatool introduced at SARC 33 (NEFSC 2001) to develop bounds on the
likdy megnitude of population estimates. The basic concept isto combine along seriesof catch datawith
ashorter time series of catch and survey dataasaway of inferring historical populationsizes. Asasmple
example, divisonof anobserved catch series C, by acongant vaue of exploitationrate U givesanestimate
of the biomass a timet (B;). As F approaches a large vaue, U approaches 1.0 and biomass B
approachesthe observed C. Conversdy, if it isassumed that the observed catches are the result of avery
low levd of exploitation, then the population size will be very high. Thus

C
ﬁ" h‘.__'

high

ct
'9% wﬁ= U,

One canextend this smple notion by congdering the observed time series of rdative F asmeasure
of the historica exploitation pattern. The inverse of this quantity, i.e, 1/C,, can be used as amultiplier of
higtorica catch to obtain an estimate of the possible vaues of survey estimates. Thus one can impute a
higtorica time series of relative abundance indices based on the an observed set of |,/C, vdue. More
precisaly consider a catch series C, wheret=1, 2,..., T. Suppose that asurvey |, beginninginyear mhas
been conducted such that we dso have a series of indices |, t=m, m+1, ....T. The st of ratios {I./C, ,
t=m,..., T} can now be used as away of esimating possible vaues of |, for the period t=1, 2,..., m-1.
Defire p-(I,/C,) as the ""%-ile of I/C,. If it is reasonable to assume that the observed range of I,/C, is
representative of possible vaues of 1,/C, during the unobserved period (i.e, t=1, ..., m-1). If we let
p-(I/Cy) and ps(1/C,) represent lower and upper percentiles, respectively, for the observed ratiosthenthe
estimates of relative abundance for the period t=1, 2,..., m-1 can be gpproximated as:
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A tp,,[ }] for YVt efm, m+1,.. T}, Vi ¢{1,2,..m-1}

Q= ﬁl['.-?

A tp,[ }] or YVt efm, m+1,.. T}, Vi ¢{1,2,..m-1}

A smilar equation can be congtructed for the median of 1,/C; and the imputed time series can be
concatenated with the observed series.

At firg glance one might wonder about the vdue of estimatingthe likely range of reative abundance
edimates from surveys that were never conducted. Simple plots of the concatenated time series for
Georges Bank haddock (Fig. 8.1), cod (Fig. 8.2), yelowtail flounder (Fig. 8.3), and redfish (Fig.8.4)
confirmcommonly held notions that the historica population sizesof haddock and redfishwere muchhigher
than vaues observed in the last 40 years. Importantly, plots for both haddock and redfish suggest that
conditions Smilar to long-termmedianva ues existed at the start of thefdl survey time series (early 1960's).
Incontrast Fig. 8.2 for cod suggeststhat average dendties between 1963 and 1980 were generdly higher
that the median imputed estimates for the period 1890 to 1960. If the landings for this early period are
representative and complete, thenthe average relative abundance estimates between 1963-80 are amilar
to the 90%-ile of the imputed abundance index. This concluson however is highly speculative and other
information about the nature of the fishery and landings during this period must be considered. For
example, if the fishery was prosecuted only on inshore stocks and most of the offshore population was
unaffected by fishing, then the contemporary estimates of |,/C, may be of litle usefor interpreting historica
patterns.

A smilar set of arguments could be made for Georges Bank ydlowtall flounder (Fig. 8.3).
Envelope plot results suggest that the abundance leves in the 1960's were higher than imputed relative
indicesduring the 1940-1960 period. The history of the geographica expansionof thisfishery however,
needs to be consdered. Nonetheless, the envelope plot provides a diagnostic tool for evduating the
historical population and may provide confirmatory informationfor estimates of target biologica reference
pointsthat are higher than recently observed vaues. Thefollowing text table comparesthe age-based and
index-based egtimates of the ratio of current biomass to biomass levels under Bmsy levels.
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Comparison of B(t)/ Bmsy estimates based on age- and index based methods.

Species GB haddock GB cod GB Yellowtail Redfish (/1)
Survey Average 1998-2000 (kg/tow) 14.76 2.40 6.05 5.51
Age-based estimated ratio of B(t) to 0.26 0.13 0.72 05
B_msy (/2)

90%-ile of composite median index (kg/tow) 48.88 12.63 7.41 10.55
Index based ratio 1998-00 average index to 0.30 0.19 0.82 0.52
90%ile of median composite index

Difference between age and index based - -0.06 -0.10 -0.02
estimates of B(t)/Bmsy 0.04

(/1) The 75%-ile of the median was used for redfish

(/2) obtained from Fig. 4.2.3 of Panel Report

APPLICATION OF METHODOLOGY TO SUMMER FLOUNDER AND SCUP

The fourth Term of Reference for the Methods Working Group isto “Investigate the gpplicability
of these methods to summer flounder and scup assessments for SAW 35", These issues are addressed
below.

Data

The raw data for summer flounder and scup are summarized in Tables 9.1 and 9.2 respectively.
For both species, totd catch estimates are available for only part of the available time series. Therddive
contributions of recreationd landings and discards to the tota catch have varied consderably over time.
The Southern Demersal Working Group onsummer flounder did not prepare total catch estimatesfor years
prior to 1982. Therefore, for the purposeof testingthe gpplying theindex methodol ogy to summer flounder,
commercid landingswere used as proxy for total catch. A smple linear regression of total catchversus
commercid landings for the period 1982-2001 explained 80% of the variation in tota catch (P<0.001),
suggesting that the relative exploitation rate derived from commercia landings would characterize the
fishery. Since 1991 however, the relative contributions of commercia and recreationa landings, and
discards to the tota catch have changed in response to management measures designed to increase
spawning stock abundance.

Edtimates of total catchfor scup are hampered by incompleteinformation on landingsand discard.
The scup Working Group used a variety of extrgpolation methods to estimate total catch from landings
and discard data. |ncomplete landings records, removals by digtant water fleets, limited discard sampling,
and extrapolated recreational landings estimates were dl noted as sources of uncertainty by the scup
Working Group. Despite these limitations, restricting the index andysesto only one catch component, say
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commercid landings, was considered ingppropriate. Thereforethe index-based estimates of relative F and
replacement ratios were based on the best estimates of total catch.

Replacement Ratio Edimates

Graphica andyses of summer flounder (Fig. 9.2, 9.3) reved smilar patterns with respect to the
soring and fdl trawl surveys. Both surveys show a strong upward trend in abundance since 1990,
consgtent withthe impogtionof quotaregulaionsinsameperiod. Relative F estimatesexhibit the opposite
trend and reached the lowest levels onrecord in2001. The replacement ratio hasincreased above 1.0 in
the spring survey (Fig. 9.2) about 1993 and about 1996 in the fdl survey (Fg. 9.3). Estimates of the
relationship between the replacement ratio and reative F suggest aconsgtent patternfor bothsurveys. As
shown below, randomization tests of both regressions were saidicaly sgnificant. Low levelsof rdative
F in recent years are strongly associated with replacement ratios above 1.0.  The results provide strong
evidencethat the reduced fishing mortality rates of the past decade have been insrumentd in the recovery

Summer Flounder

Fall Survey Spring Survey
Randomization Test Summary Randomization Test Summary
Observed Correlation |  -0.622 Observed Correlation | -0.619
Sampling Distribution Stats Sampling Distribution Stats
median -0.308 median -0.317
min -0.664 min -0.744
max 0.239 max 0.273
95%ile -0.015 95%ile -0.020
5%ile -0.535 5%ile -0.554
Approximate Significance Approximate Significance
Level of test statistic Level of test statistic
P(Corr<Obs Correlation) P(Corr<Obs Correlation)
0.00704 0.01829

of summer flounder.

Resultsfor scup werelessconclusve(Fg. 9.3-4). Andysesof thefdl survey (Fig. 9.3) suggest that
the recent increase in fdlu survey biomass is srongly associated with the dedline in relative F. The
replacement ratio first increased above 1.0 about 1996 and the regression between replacement ratio and
relative F is datidicaly sgnificant (below).
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Randomization Test Summary
Observed Correlation [ -0590
Sampling Distribution Stats
median -0.314
min -0.723
max 0.296
95%ile -0.031
5%ile -0.567

Approximate Significance
Level of test statistic
P(Corr<Obs Correlation)

0.03599

Randomization Test for Replacement Ratio for Scup: {Fall
Survey, Total catch (landings + discards)}

1.2

1
0.8 /

0.6 /
0.4 = Cumul Density
/ ——Crit value

0.2 /

0 . .
02° -0.5 0 ol5

Coeff. < X

Proportion Correlation

Correlation Coefficient

In contrast the randomization test for scup suggests the rdlative F at replacement isimprecisely estimated
and not gatidicdly sgnificant (below). Spring survey abundance has
generdly declined since the late 1960s and has, only in recent years, shown any sign of reversd.

Rdative F has declined in 2000 and 2001 but the contrast with previous yearsis sharp (Fig. 9.4). The
relative informationcontent of the two surveys isfurther depicted in Fig. 9.5. The imprecisonof the soring
survey-based estimates of replacement Fleadtowideasymptotic parametric confidence intervas but much
andler intervasfor thefdl surveys. These results suggest that possible re-examination of the reliance on
the spring survey rather than the fal survey asasigna of stock abundance trends may be warranted.

Randomization Test Summary

Observed Correlation | -0315
Sampling Distribution Stats

median -0.324

min -0.771

max 0.298

95%ile -0.025

5%ile -0.587

Approximate Significance
Level of test statistic
P(Corr<Obs Correlation)
0.512

220

Randomization Test for Replacement Ratio for Scup:
{Spring Survey, Total catch (landings + discards)}
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Projections of relative biomass and landings

As described in Section 7.0 the index methodology can be extended to provide projections of
catch (or landings) and relative stock. The vaidity of these projections is primarily governed by the
difference in magnitude of the current rdative F and the relaive F at replacement. As with any linear
regression, projections that rely independent variables that are far from their means are less reliable that
estimates closeto the mean. For theindex methodol ogy, trans ent effects during stock rebuilding may result
in overly optimigtic projections of stock recovery and/or landings.

The projection scenarios for summer flounder and scup (Table 7) were based on a continuation
of contemporary rates of relative exploitation. Reaive F levels for both summer flounder and scup are
aufficiently low such that continuing increases are expected in the short term.  Projections for summer
flounder suggest anear 3-fold increase in relative biomass and landings through 2005. Projected landings
for scup are smilarly optimistic irrespective of whether the analyses include or exclude discard estimates
from the total catch estimates.

The dynamicsof both speciesare likdly to be dominated by strong year classesand the projections
may not be redidic inthe longer term. However, both scenarios suggest that the populations and landings
should continue to increase in the short run, predictions that are consistent with more detailed projections
derived from andytica modds.
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SARC COMMENTS-INDEX METHODS

The SARC reviewed a working document on the development of empirica methods for stock
assessments based on andysis of tota catch and trendsin abundanceindices. The work discussed isin
progressand, while it was devel oped withfeedback fromthe SAW methods group, it had not beensubject
to extensve peer review prior to the SARC.

TERMS OF REFERENCE

1 Describe the undelying theoretical bass for the index-based assessment and projection
methodologies

2. Identify critical limitations for gpplication of such methodologies.

3. Compare reference point estimates and projections with results from VPA and other modding
approaches.

4, Investigate the applicability of these methodsto summer flounder and scup assessments for SAW
35.

Potential of the methods

The SARC concluded that the method has considerable potential as a monitoring tool that to
evduate stock trgectories and provide vauable information in interim years between anaytical
assessments. Similarly, the technique has utility in presenting an integrated picture of sock dynamics for
resources where only catch datistics and survey trends are avallable. The visud techniques were
consdered very useful as asummary of stock status trends.

The SARC a0 discussed the vaue of the method interms of itsusefulnessfor providing objective
estimates of proxies for management reference points. While the method does not provide, a priori, a
proxy for Fmsy, it has potentid for estimating ardative F for stock replacement, especidly in cases where
density-dependenceisnot apparent and other conditions of the method (di scussed below) are met. Insuch
cases, the method may be preferable to subjective methods currently used to provide reference points.
Under conditions of low stock density, the level of recruitment is likely to be proportiond to stock
abundance and thus increase the applicability of the method.

The SARC further provided technical comments on aspects of the derivation of the method, and
conditions under whichit might be inappropriateto gpply thismethod. Most of these limitations also apply
to the application of aternative methods.

Theoretica bases for the methods
A number of issues wereraised a the SARC regarding the theoretical basis for the index-based
assessment and projection methods:
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The use of the moving average in the denominator of the replacement ratio gatistic could be

generdized to abroader family of smoothing equations, thereby retaining the empirica natureand
extending the flexibility of the method; the link to surviva and recruitment is an unnecessary
congtraint and may limit the development of better predictors of stock status based on available
indices. On the other hand, development of a theoretical bass for the method could alow
interpretation of underlying assumptions leading to stock replacement.

Theratio of current biomassto the weighted sum of previous biomasses, as specified inthe current
derivation (eguation 6) equas one, irrespective of thetrend inthe population. However, the SARC
concluded that the Satistic proposed, defined asthe ratio betweenthe last index of abundanceand
the moving average of the previous five indices, can be used as an empiricad measure of biomass
trend because of variation in population processes (surviva and recruitment).

The badgs for edimating the relative rate of fishing mortdity a which the stock would replaceitsdf
from the empirica regression between the index of trend and the rdative fishing mortdity was
questioned on the following grounds: if density-dependence was operating, there would be infinite
leves of replacement F; results of the regressionapproachwould reflect acomposite of dternative
gable points and trangent effects. It is possible that clustering of data pointsinvarious quadrants
can be taken as indications of multiple stable equilibria

Conditions for application of the methods

The method requiresthe use of reliable catch statistics so it would not be applicable to stocks for
which catch records are inadequate, or substantial portions of the catchare poorly estimated (e.g.
discards, recreationd catch etc).

The method assumes that the survey indices adequatdly represent the fishable biomass. Concern
was raised by the SARC that this assumption could be problematic as the surveys often catches
younger fish than the fishery. The problem may be more severe when there have been mgor
changes in the exploitation pattern.

The method will not adequately estimaterdF at replacement when stock trends are mainly driven
by environmentd effects. Strong year classesor, worse, persstent changesin productivity such as
connected to regime shifts would lead to spurious results.

The method would be unsuitable for developing fisheries, or Stuations when fishing mortdity is
increasing from a low vaue. 1t may be unsuitable for other types of fisheries depending on their
explaitation history, but that needs to be investigated.
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Similar to the limitations of usng biomassweighted F as an overfishing definition (SAW 33) rdF
and rdF o, will be sengtive to trangtion effects due to variations in recruitment, PR, average
weights, age structure and other factors.

The vdidity of the envelope plots used to reconstruct historical stock trgjectories clearly depends
on the historica exploitation being in the range of observed relFs. In instances where the catch
sevies represents a developing fishery, then the envelope would be insufficient to estimate stock
gze

Comparison of _projections with results from VPA and other modeling approaches

Projections are based on linear rates of increase and as such they should not be used to project
population trends beyond afew years.

Projections are senstive to trandent effects even in the absence of dendity dependence. For
example, initid stock increases obtained in response to reductionsin F may befagt initidly but the
increase would dow down as the age structure broadens.

The sdlection of the relative F needed to achieve agivenrate of increase in the projections would
be sengtive to trandent conditions. For example, a stock that is rebuilding fast in responseto a
recent large reduction in F may trangently show a replacement index higher then required; in this
case the procedure would produce an increase in rdaive F when in fact such an increase would
not be guaranteed. When required relative F differs markedly fromthe current, catch projections
will beoff scale compared to projections made using conventiona age-structured models (e.g. in
GB ydlowtail).

Further evauation of the degree to which the method produces results that are comparable with
those produced by VPA are required, noting that the new method has the potential to be applied
when data limit the gpplicability of other methods

Applicability to summer flounder and scup assessments for SAW 35

Due to inadequate catchrecords, the SARC concluded that the method was not gpplicable to the

SCup assessment.

The method could have potentia for summer flounder as an interim technique between andytica

assessments to evaduate new catch and survey data rdative to management targets, especidly in
combination with medium-term projections from assessments.

224
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RESEARCH RECOMMENDATIONS

Evauae the performance of the proposed index methods usng age-structured simulations
representing different histories of exploitation, fishery sdectivity, assumptions of dengty
dependence, stock trgjectories, and time lags.

Compare reference points resulting from the method with traditiond BRPs
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Table C1. Summary of replacement ratio analyses for 19 stocks. Estimates of replacement ratios are based on robust regression of the
model In(RR)=a+ b In(relF). Replacement F is estimated as the point where the replacement ratio equals 1.0. Asymptotic
standard errors of the estimate are approximate. Significance test is based on randomization test.

Current Stock Condition

Stock Species Survey [relF where [SE(F_replac| relF where |SE (F grow) |Significance |Average |Ratio of |Ratio of
Georges Bank Cod Fall 2.04 0.58 1.64 0.56 0.113 3.91 1.92 2.39
Spring 1.10 0.30 0.93 0.29 0.112 1.29 1.17 1.38

Haddock Fall 0.72 0.08 0.65 0.08 0.001 0.44 0.61 0.68

Spring 0.58 0.08 0.51 0.08 0.001 0.59 1.03 1.16

N. Windowpane| Fall 0.37 0.48 0.17 0.32 0.197 0.20 0.54 1.17

Winter Flounder| Fall 1.18 0.11 1.06 0.11 0.001 0.62 0.52 0.58

Yellowtail Fall 2.42 0.36 2.13 0.33 0.001 0.77 0.32 0.36

Spring 1.96 0.40 1.68 0.36 0.003 0.72 0.37 0.43

Gulf of Maine [American Plaice| Fall 1.40 0.60 0.90 0.62 0.460 1.49 1.06 1.66
Spring 2.56 0.59 2.06 0.55 0.132 2.43 0.95 1.18

Cod Fall 0.67 0.30 0.45 0.27 0.012 141 2.10 3.16

Spring 0.94 0.35 0.70 0.35 0.269 0.99 1.05 1.40

Haddock Fall 0.23 0.05 0.20 0.05 0.004 0.15 0.67 0.76

Spring 0.83 0.35 0.67 0.29 0.010 0.79 0.95 1.18

Halibut Fall 0.01 0.01 0.01 0.01 0.284 0.02 1.21 1.45

Spring 0.02 0.01 0.02 0.01 0.665 0.01 0.29 0.33

Pollock (all) Fall 15.48 3.67 12.01 3.36 0.050 12.93 0.84 1.08

Pollock (USA) Fall 3.57 0.97 2.70 0.87 0.050 4.33 1.21 1.60

Pollock (5&6) Fall 5.88 1.05 4.83 1.00 0.024 5.56 0.94 1.15

Redfish Fall 0.83 0.35 0.51 0.23 0.005 0.06 0.08 0.13

Spring 0.42 0.22 0.31 0.17 0.030 0.06 0.14 0.20

White Hake Fall 0.54 0.07 0.42 0.07 0.036 0.80 1.48 1.89

Spring 0.57 0.15 0.48 0.15 0.040 1.54 2.68 3.19

Witch flounder Fall 1.34 0.92 0.346 3.27

Spring 0.554 2.26 1.68 2.45

Yellowtail Fall 0.44 0.19 0.34 0.18 0.472 0.25 0.57 0.75

Spring 0.30 0.36 0.23 0.35 0.686 0.35 1.17 1.54

Southern New Mid Atl Fall 0.33 0.16 0.30 0.15 0.108 1.19 3.60 4.02
England Spring 0.09 0.06 0.07 0.05 0.194 0.55 6.22 7.33
Ocean pout Spring 0.01 0.03 0.00 0.01 0.118 0.01 0.60 2.00

Windowpane Fall 0.98 0.45 0.73 0.42 0.101 0.70 0.72 0.96

Winter Flounder| Fall 5.14 1.00 4.40 0.91 0.004 2.15 0.42 0.49

Spring 6.97 0.53 6.51 0.52 0.001 4.44 0.64 0.68

Yellowtail Fall 0.47 0.61 0.35 0.52 0.461 1.10 2.33 3.12

Spring 0.37 0.44 0.28 0.39 0.498 0.48 1.31 1.71
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Table C2. Catch projections based on index model. Catches for 2002 represent status quo relative F, rel F at replacement, and rel F at 10% growth rate.

Current Stock Predicted Catch for 2002  |Predicted Catches (mt) with rel F = F_grow and population growth of 10% per year.
Stock Species Survey [Average| Average |Predicte |Catch at|Catch at| 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 |average|Average
Georges Bank Cod Fall 2.4 3.91 9.4 4.9 3.9 4.3 4.8 5.2 5.8 6.3 7.0 7.7 5.6 9.30
Spring 8.2 1.29 10.5 9.0 7.6 8.4 9.2 10.1 111 12.3 13.5 14.8 10.9 9.30
Haddock Fall 14.8 0.44 6.6 10.7 9.6 10.6 11.6 12.8 14.0 15.4 17.0 18.7 13.7 6.80
Spring 10.6 0.59 6.3 6.1 54 5.9 6.5 7.2 7.9 8.7 9.6 10.5 7.7 6.80
N. Windowpane| Fall 1.2 0.20 0.2 0.4 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.3 0.19
Winter Flounder| Fall 2.3 0.62 1.4 2.7 2.4 2.7 29 3.2 3.6 3.9 4.3 4.7 3.5 1.41
Yellowtall Fall 6.1 0.77 4.7 14.7 12.9 14.2 15.6 17.2 18.9 20.8 22.8 25.1 18.4 4.81
Spring 6.1 0.72 4.4 12.0 10.2 11.3 12.4 13.6 15.0 16.5 18.1 19.9 14.6 4.81
Gulf of Maine |American Plaice| Fall 25 1.49 3.8 35 2.3 25 2.7 3.0 3.3 3.7 4.0 4.4 3.2 3.69
Spring 1.5 2.43 3.7 3.9 3.2 35 3.8 4.2 4.6 5.1 5.6 6.2 4.5 3.69
Cod Fall 3.2 141 4.6 2.2 14 1.6 17 1.9 2.1 2.3 2.6 2.8 2.1 4.34
Spring 4.2 0.99 4.1 3.9 29 3.2 3.6 3.9 4.3 4.7 5.2 5.7 4.2 4.34
Haddock Fall 7.3 0.15 11 1.7 15 1.6 1.8 1.9 2.1 2.4 2.6 2.8 2.1 0.78
Spring 1.0 0.79 0.8 0.8 0.7 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.0 0.78
Halibut Fall 15 0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02
Spring 3.5 0.01 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.02
Pollock (all) Fall 1.0 12.93 134 16.1 12.5 13.7 15.1 16.6 18.2 20.1 22.1 24.3 17.8 14.13
Pollock (USA) Fall 1.0 4.33 4.5 3.7 2.8 3.1 3.4 3.7 4.1 4.5 5.0 5.5 4.0 4.74
Pollock (5 &6) Fall 1.0 5.56 5.8 6.1 5.0 55 6.1 6.7 7.3 8.1 8.9 9.8 7.2 6.09
Redfish Fall 55 0.06 0.4 4.6 2.8 3.1 3.4 3.7 4.1 4.5 4.9 54 4.0 0.33
Spring 5.7 0.06 0.3 24 1.7 1.9 2.1 2.3 25 2.8 3.1 34 25 0.33
White Hake Fall 4.8 0.80 3.8 2.6 2.0 2.2 25 2.7 3.0 3.3 3.6 4.0 29 3.73
Spring 3.1 1.54 4.8 1.8 15 1.7 1.8 2.0 2.2 2.4 2.7 2.9 2.2 3.73
Witch flounder Fall 0.6 3.27
Spring 0.8 2.26 1.9 1.1 0.8 0.8 0.9 1.0 1.1 1.2 1.3 15 11 2.52
Yellowtail Fall 6.3 0.25 1.6 2.8 2.1 2.3 2.6 2.8 3.1 34 3.8 4.1 3.0 1.71
Spring 6.6 0.35 2.3 2.0 15 1.6 1.8 2.0 2.2 2.4 2.6 2.9 2.1 1.71
Southern New Mid Atl Fall 0.2 1.19 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.30
England Spring 0.5 0.55 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.30
Ocean pout Spring 2.1 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.02
Windowpane Fall 0.2 0.70 0.1 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.12
Winter Flounder| Fall 2.0 2.15 4.2 10.2 8.7 9.6 10.5 11.6 12.7 14.0 154 16.9 12.4 4.23
Spring 0.9 4.44 4.2 6.6 6.2 6.8 7.5 8.2 9.0 9.9 10.9 12.0 8.8 4.23
Yellowtail Fall 0.7 1.10 0.7 0.3 0.2 0.3 0.3 0.3 0.3 0.4 0.4 0.5 0.3 0.68
Spring 14 0.48 0.7 0.5 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.5 0.68
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Table C3. Catch projection estimates for index based stocks. Target index values are externally supplied and are based on analysis of the historical fishery and trends in research survey indices. Part
A illustrates theinitia projection from 2000 to 2002 based on the observed landings in 2001 and methodology described in the text. Part B summarizesthe catch projections given the annual growth
rates necessary to reach the biomass targetsin 2009.

Part A
Parameters In(RR)
=a+b In(relF) Survey Estimates (kg/tow) Projection of Stock from 2000 to 2002
Projected Projected
Average | Relative |Observed Relative
Relative | Biomass in | Landings relF Biomass
F (last 3- 2001 in 2001 (k| estimate | in 2002
Stock Species Survey a b 1998 1999 2000 yr) (kg/tow) mt) in 2001 (kg/tow)
Georges |Winter Flounder Fall 0.150 -0.892 157 2.64 2.66 0.616 3.13 2.67 0.95 3.20
Bank N. Windowpane Fall -0.121 -0.123 1.66 0.73 1.22 0.202 1.082 0.04 0.04 1.24
Gulf of Haddock Fall -1.083 -0.733 2.92 491 14.03 0.153 9.57 0.95 0.10 13.73
Maine Pollock (Area 5 & 6) Fall 0.857 -0.483 0.76 1.52 0.83 5.556 114 4.90 4.21 1.11
White Hake Fall -0.243 -0.393 4.27 3.44 6.72 0.798 4.76 3.56 0.72 5.24
Spring -0.301 -0.543 1.09 2.97 3.33 1.536 2.71 3.56 1.19 2.63
Southern |S.Windowpane Fall -0.008 -0.331 0.18 0.12 0.28 0.702 0.20 0.11 0.56 0.24
New SNE Yellowtail FI Fall -0.243 -0.324 0.90 0.10 0.99 1.099 0.53 1.03 191 0.62
England Spring -0.358 -0.358 0.97 1.76 1.44 0.481 1.48 1.03 0.66 1.38
Ocean Pout Spring -0.337 -0.079 1.73 2.56 2.02 0.008 2.26 0.02 0.01 2.21
MidAtl Yellowtail Fl Fall -0.959 -0.864 0.09 0.50 0.11 1.188 0.23 0.21 0.74 0.15
Part B
Biological Targets Predicted Catch (k mt
Annual
Growth
Target rate
Relative | necessary | Relative
Biomass | to rebuild F for
Stock Species Survey | (kg/tow) [ by 2009 | Rebuild 2002 2003 2004 2005 2006 2007 2008 2009
Georges | Winter Flounder Fall 2.74 0.978 1.183 3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79
Bank N. Windowpane Fall 0.94 0.962 0.373 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46
Gulf of Haddock Fall 22.17 1.071 0.208 2.86 3.06 3.28 3.51 3.76 4.02 4.31 4.61
Maine | Pollock (Area 5 & 6) Fall 3.00 1.153 4.381 4.84 5.58 6.44 7.43 8.57 9.88 11.39 13.14
White Hake Fall 12.00 1.126 0.399 2.09 2.35 2.65 2.98 3.36 3.78 4.25 4.79
Spring 12.00 1.242 0.385 1.01 1.26 1.56 1.94 2.41 2.99 3.72 4.62
Southern S.Windowpane Fall 0.92 1.210 0.550 0.13 0.16 0.20 0.24 0.29 0.35 0.42 0.51
New SNE Yellowtail FI Fall 15.00 1.577 0.116 0.07 0.11 0.18 0.28 0.44 0.70 1.10 1.74
England Spring 12.00 1.363 0.155 0.21 0.29 0.40 0.54 0.73 1.00 1.36 1.86
Ocean Pout Spring 4.90 1.120 0.003 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02
MidAtl Yellowtail Fl Fall 12.91 1.887 0.158 0.02 0.05 0.09 0.16 0.30 0.57 1.08 2.04,
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Table C4. Catch projection
estimates for stocks assessed with
age structured models. Target index
values are derived by multiplying
theratio of total biomass estimates
B(2009):B(2002) defined in the
AGEPRO projections by the
projected index baluein 2002. Part
A illustrates the initial projection
from 2000 to 2002 based on the
observed landingsin 2001 and
methodology described in the text.
The last column represents the
projected increase in between 2002
and 2009. Part B summarizes the
catch projections given the annual
growth rates necessary to reach the
biomass targets in 2009.

Part A

Target
Parameters In(RR) Increase
=a+b In(relF) Survey Estimates (kg/tow) Projection of Stock from 2000 to 2002 ratio in
Projected Projected |mean
Average | Relative |Observed Relative |ssp
Relative | Biomass | Landings relF Biomass in |petween
F (last 3-] in 2001 [in 2001 (k| estimate 2002 2002 and
Stock Species Survey a b 1998 1999 2000 yr) (kg/tow) mt) in 2001 (kg/tow) |2010
Cod Fall 0.310 -0.436 2.80 3.00 1.40 3.911 2.07 12.77 5.92 1.59 3.88
Spring 0.053 -0.574 11.70 4.70 8.20 1.285 6.79 12.77 1.94 6.63 3.88
Georges Haddock Fall -0.281 -0.873 5.75 23.13 15.41 0.445 20.38 11.55 0.59 20.08 2.70
Bank Spring -0.433 -0.785 6.12 7.75 17.88 0.592 11.99 11.55 0.92 12.72 2.70
Yellowtail FI. Fall 0.651 -0.735 4.35 7.97 5.84 0.769 9.29 7.74 1.00 10.96 1.30
Spring 0.406 -0.601 2.32 9.31 6.70 0.723 9.05 7.74 0.93 9.98 1.30
Cod Fall -0.092 -0.233 1.50 3.50 4.70 1.413 3.64 7.99 2.03 3.72 4.05
Spring -0.019 -0.325 4.20 5.10 3.20 0.990 4.13 7.99 1.93 3.54 4.05
Redfish Fall -0.036 -0.193 6.49 4.68 5.36 0.064 6.36 0.33 0.06 7.43 1.19
Gulf of : Spring -0.252 -0.293 1.60 3.89 11.46 0.060 8.45 0.33 0.04 12.20 1.19
Maine Witch flound_er Fall 0.075 -0.254 0.47 0.88 1.11 2.259 0.90 3.46 3.59 0.91 0.81
C.C. Yellowtail FI. Fall -0.280 -0.344 2.53 9.28 7.12 0.253 8.02 2.57 0.32 8.05 6.10
Spring -0.410 -0.340 1.81 2.85 15.15 0.350 8.09 2.57 0.30 10.46 6.10
American Plaice Fall 0.072 -0.214 2.22 2.57 2.80 1.488 2.62 5.37 2.02 2.62 1.89
Spring 0.416 -0.444 1.11 1.20 2.30 2.427 1.69 5.37 3.10 1.85 1.89
S. New Winter Flounder Fall 0.998 -0.610 2.23 1.55 2.14 2.148 2.35 4.75 2.36 2.76 1.65
England Spring 2.701 -1.391 0.85 1.25 1.12 4.439 1.38 4.75 3.80 1.91 1.65
Part B
Biological Targets Predicted Catch (k mt)
Annual
Growth
Target rate
Relative | necessary
Biomass | to rebuild | Relative F
Stock Species Survey | (kg/tow) | by 2009 | for Rebuild | 2002 2003 2004 2005 2006 2007 2008 2009
Cod Fall 6.17 1.214 1.306 2.08 2.50 3.10 3.70 4.50 5.50 6.60 8.10]
Spring 25.74 1.214 0.782 5.18 6.29 7.64 9.27 11.25 13.66 16.58 20.13
Georges Haddock Fall 54.17 1.152 0.616 12.37 14.25 16.43 18.93 21.81 25.13 28.96 33.38
Bank Spring 34.33 1.152 0.481 6.12 7.06 8.13 9.37 10.80 12.44 14.34 16.52
Yellowtail FI. Fall 14.30 1.039 2.302 25.23 26.21 27.22 28.28 29.37 30.51 31.69 32.91
Spring 13.02 1.039 1.844 18.41 19.12 19.86 20.63 21.43 22.26 23.12 24.01
Cod Fall 15.08 1.221 0.285 1.06 1.29 1.58 1.93 2.36 2.88 3.52 4.29
Spring 14.34 1.221 0.511 1.81 2.21 2.70 3.29 4.02 4.91 6.00 7.33
Redfish Fall 8.87 1.026 0.726 5.39 5.53 5.67 5.82 5.97 6.12 6.28 6.44
Gulf of : Spring 14.58 1.026 0.388 4.73 4.86 4.98 5.11 5.24 5.38 5.51 5.66
Maine Witch flound_er Fall 0.73 0.970 1.343 1.22 1.22 1.22 1.22 1.22 1.22 1.22 1.22
C.C. Yellowtail FI. Fall 49.13 1.295 0.210 1.69 2.18 2.83 3.66 4.74 6.14 7.95 10.30
Spring 63.80 1.295 0.140 1.46 1.90 2.46 3.18 4.12 5.33 6.90 8.94
American Plaice Fall 4.93 1.095 0.916 2.40 2.62 2.87 3.15 3.44 3.77 4.13 4.52
Spring 3.48 1.095 2.084 3.85 4.22 4.61 5.05 5.53 6.06 6.63 7.26
S. New Winter Flounder Fall 4.56 1.074 4.574 12.62 13.56 14.57 15.65 16.81 18.06 19.41 20.85
England Spring 3.15 1.074 6.621 12.63 13.56 14.57 15.66 16.82 18.07 19.41 20.85
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Table C5. Commercial landings of summer flounder, autumn and spring NMFS research
trawl abundance indices, and derived relative F and replacement ratios. Note that 2002
index is preliminary.

Year Landings | NEFSC | NEFSC | Relative F |Replacem| Relative F |Replacem
(000 mt) | Autumn Spring wrt fall ent index wrt spr ent index
Survey Survey | survey (000 | wrtfall | survey (000 | wrtspr
Weight Weight | mt/(kg/tow)) | survey | mt/(kg/tow)) | survey
(kg) Per | (kg) Per (Sy”) (Sy”)
Tow Index| Tow Index
1965 4.6
1966 6.4
1967 5.9 1.25
1968 4.1 1.00 0.16 4.31
1969 3.0 0.61 0.16 5.24 22.22
1970 4.0 0.13 0.09 11.94 22.75
1971 4.2 0.27 0.28 18.99 21.94
1972 4.2 0.27 0.21 10.73 0.41 12.18
1973 7.3 0.63 0.54 7.97 1.38 10.94 3.00
1974| 10.2 1.86 1.26 6.18 4.87 9.01 4,92
1975 11.9 2.48 1.61 6.90 3.92 7.35 3.38
1976 15.1 0.85 2.00 8.94 0.77 8.49 2.56
1977| 13.6 1.75 1.74 13.58 1.44 7.88 1.55
1978| 13.0 0.40 1.43 12.59 0.26 11.05 1.00
1979 17.9 0.94 0.35 28.19 0.64 21.03 0.22
1980 14.2 0.57 0.78 19.05 0.44 22.01 0.55
1981 9.6 0.72 0.80 13.08 0.80 10.65 0.63
1982| 10.4 0.90 1.11 14.93 1.03 12.79 1.09
1983| 13.4 0.47 0.53 19.91 0.67 19.91 0.59
1984| 17.1 0.65 0.38 25.82 0.90 24.36 0.53
1985| 14.7 0.87 1.20 22.35 131 18.34 1.67
1986| 12.2 0.45 0.82 22.85 0.62 15.23 1.02
1987| 12.3 0.28 0.38 43.83 0.42 19.58 0.47
1988| 14.7 0.11 0.68 93.74 0.20 33.89 1.03
1989 8.1 0.08 0.24 64.14 0.17 20.48 0.35
1990 4.2 0.19 0.27 28.63 0.53 14.65 0.41
1991 6.2 0.17 0.35 21.97 0.77 17.29 0.73
1992 7.5 0.49 0.46 32.27 2.95 17.51 1.20
1993 5.7 0.04 0.48 19.48 0.19 12.25 1.20
1994 6.6 0.35 0.46 16.20 1.80 14.12 1.28
1995 7.0 0.83 0.46 12.84 3.35 13.16 1.14
1996 5.8 0.45 0.67 7.87 1.20 9.95 1.52
1997 4.0 0.92 0.61 4.06 2.13 5.87 1.21
1998| 5.08 1.58 0.76 3.66 3.05 6.40 1.42
1999| 4.82 1.66 1.01 2.86 2.01 4.17 1.71
2000 5.085 1.82 1.7 3.00 1.67 3.13 2.42
2001| 4.916 1.61 2.16 2.87 1.25 2.40 2.27
2002 2.29 1.83
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Table C6. Total catch of Scup with discard and recreational landings, autumn and spring NMFSresearch trawl abundance indices, and
derived relative F and replacement ratios.

Year Total NEFSC | NEFSC | Relative F |Replacement| Relative F | Replacement
Catch Autumn Spring wrt fall index wrt fall | wrt spring index wrt
(k mt) Survey Survey [survey (000| survey (5yr) |survey (000 | spring survey
Weight | Weight |[mt/(kg/tow)) mt/(kg/tow)) (5yn)
(kg) Per | (kg) Per
Tow Index|Tow Index

1963 37.7852| 1.21
1964 29.6681| 2.23 21.92
1965 29.0885[ 0.62 26.77
1966 21.2802| 0.41 25.64
1967 15.9281] 1.46 19.83
1968 13.6924| 0.54 0.94 6.34 0.46
1969 9.3341| 4.48 0.39 5.34 4.26 10.65
1970 8.0462| 0.22 1.30 4.88 0.15 7.40
1971 7.7174| 0.25 1.57 8.24 0.18 6.14
1972 8.7627| 2.34 0.90 7.47 1.68 7.38
1973 10.4546] 0.93 1.09 7.33 0.59 7.74 1.07
1974 13.0307| 1.01 2.06 7.32 0.61 6.79 1.96
1975 13.5500] 3.40 2.61 3.46 3.58 7.82 1.89
1976 12.2494| 7.35 0.53 2.95 4.63 4.91 0.32
1977 13.9511] 1.71 4.35 4.03 0.57 5.60 3.03
1978 14.6948| 1.32 2.59 12.11 0.46 5.30 1.22
1979 14.1065| 0.61 1.38 14.85 0.21 8.36 0.57
1980 15.7914| 0.92 1.09 10.43 0.32 14.06 0.48
1981 17.4571] 3.01 0.90 10.27 1.26 17.40 0.45
1982 15.4484| 1.17 1.02 10.25 0.77 23.77 0.49
1983 145551 0.34 0.03 15.99 0.24 31.64 0.02
1984 11.0530] 1.22 0.33 6.48 1.01 45.42 0.37
1985 13.7290| 3.56 0.37 6.40 2.67 20.29 0.55
1986 14.5320| 1.66 1.33 8.12 0.89 14.83 2,51
1987 11.6570] 0.15 1.24 18.41 0.09 10.60 2.01
1988 9.5670| 0.09 0.73 53.15 0.06 14.54 1.11
1989 8.7170| 0.30 0.004 21.44 0.22 25.05 0.01
1990 10.3640| 0.83 0.31 19.93 0.72 40.70 0.42
1991 14.3620| 0.43 0.45 18.10 0.71 44.42 0.62
1992 14.0560| 1.12 0.21 26.52 3.11 43.47 0.38
1993 7.6380| 0.04 0.31 18.04 0.07 41.66 0.91
1994 6.3940| 0.11 0.03 18.10 0.20 41.70 0.12
1995 5.7480| 0.91 0.12 13.80 1.80 101.44 0.46
1996 5.5290| 0.23 0.02 8.21 0.44 66.35 0.09
1997 45350 0.88 0.11 7.56 1.83 75.58 0.80
1998 6.1331| 0.69 0.05 5.05 1.59 73.60 0.42
1999 7.1876| 2.07 0.09 2.86 3.67 86.25 1.36
2000 6.0561| 4.79 0.11 2.25 5.01 24.55 1.41
2001 7.5446 1.2 0.54 2.52 0.69 23.21 7.11
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Table C7. Summary of projected landings (k nt) and relative biomass levels
(kg/tow) for summer flounder and scup

Landings (000 mt)

Basis Species Survey 2002 2003 2004 2005
comm Landings | Summer Flounder Fall 7.47 10.33 14.62 20.62
comm Landings | Summer Flounder | Spring 8.60 12.48 17.59 24.91

Landing + Discard Scup_ w/Disc Fall 12.71 19.45 32.44 53.53
Landings Only Scup_ w/oDisc Fall 6.61 9.10 13.95 21.03
Total Catch Summer Flounder Fall 13.48 17.00 22.27 29.65
Total Catch Summer Flounder | Spring 14.87 19.63 25.92 34.92
Projected Index Biomass Levels (kg/tow)

Basis Species Survey 2002 2003 2004 2005
comm Landings | Summer Flounder Fall 2.57 3.55 5.03 7.09
comm Landings | Summer Flounder | Spring 2.66 3.86 5.44 7.70

Landing + Discard Scup_ w/Disc Fall 5.00 7.65 12.76 21.05
Landings Only Scup_ w/oDisc Fall 4.57 6.29 9.64 14.54
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Cross Correlation Plot
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Cross Correlation Plot

Georges Bank Yellowtail Flounder: SSB vs R
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Cross Correlation Plot
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Figure C6.1 Annotated six-panel plot depicting trends in relative biomass, landings, relative fishing mortality rate

(landings/index) and replacement ratios for Gulf of Maine haddock. Horizontal dashed (- - -) lines represent
replacement ratios=1in (A) and (B), threshold relFin (F) and target relative biomassin (C) and (D). Vertica
dashed linesin (A) and (C) represent the derived relF thresholds. Smooth linesin (B), (D), and (F) are Lowess
smooths (tension=0.3). The confidenceellipsein (A) hasanominal probability level of 0.68 Theregressionline
in (A) represents arobust regression using bisquare downweighting of residual. Seetext for additional details.
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GB Cod: AgePro vs Index
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Figure C7.1. Comparison of fall and spring survey index-based forecasts of landings (k mt) for
GeorgesBank cod with forecasts based on stochasti ¢ age-based projection model (AGEPRO)
for the period 2002-2009. Relative biomass targets for the index-based method were
computed by multiplying the projected estimate of relative biomassin 2002 by the ratio of
the absol ute estimates of total biomass computed viathe AGEPRO for 2002 and 2009. No
other tuning measures were applied to develop the index-based estimates of landings.
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GB Haddock: AgePro vs Index
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Figure C7.2. Comparison of fall and spring survey index-based forecasts of landings (k mt) for
Georges Bank haddock with forecasts based on stochastic age-based projection model
(AGEPRO) for the period 2002-2009. Relative biomass targets for the index-based method
were computed by multiplying the projected estimate of relative biomassin 2002 by theratio
of the absolute estimates of total biomass computed viathe AGEPRO for 2002 and 2009. No
other tuning measures were applied to develop the index-based estimates of landings.
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GB Yellowtail: AgePro vs Index
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Figure C7.3. Comparison of fall and spring survey index-based forecasts of landings (k mt) for
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Georges Bank yellowtail flounder with forecasts based on stochastic age-based projection
model (AGEPRO) for the period 2002-2009. Relative biomass targets for the index-based
method were computed by multiplying the projected estimate of relative biomassin 2002 by
the ratio of the absolute estimates of total biomass computed viathe AGEPRO for 2002 and

2009. No other tuning measures were applied to develop the index-based estimates of
landings.
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GM Cod: AgePro vs Index
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Figure C7.4. Comparison of fall and spring survey index-based forecasts of landings (k mt) for Gulf
of Maine cod with forecasts based on stochastic age-based projection model (AGEPRO) for
the period 2002-2009. Relative biomasstargetsfor the index-based method were computed
by multiplying the projected estimate of relative biomassin 2002 by theratio of the absolute
estimates of total biomass computed viathe AGEPRO for 2002 and 2009. No other tuning
measures were applied to devel op the index-based estimates of landings.
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Cape Cod Yellowtail: AgePro vs Index
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Figure C7.5. Comparison of fall and spring survey index-based forecasts of landings (k mt) for Cape
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Cod yellowtail flounder with forecasts based on stochastic age-based projection model
(AGEPRO) for the period 2002-2009. Relative biomass targets for the index-based method
were computed by multiplying the projected estimate of relative biomassin 2002 by theratio
of the absolute estimates of total biomass computed viathe AGEPRO for 2002 and 2009. No
other tuning measures were applied to develop the index-based estimates of landings.
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American Plaice: AgePro vs Index
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Figure C7.6. Comparison of fall and spring survey index-based forecasts of landings (k mt) for
American plaice with forecasts based on stochastic age-based projection model (AGEPRO)
for the period 2002-2009. Relative biomass targets for the index-based method were
computed by multiplying the projected estimate of relative biomass in 2002 by the ratio of
the absolute estimates of total biomass computed viathe AGEPRO for 2002 and 2009. No
other tuning measures were applied to develop the index-based estimates of landings.
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Witch Flounder: AgePro vs Index
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Figure C7.7. Comparison of fall and spring survey index-based forecasts of landings (k mt) for witch
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flounder with forecasts based on stochastic age-based projection model (AGEPRO) for the
period 2002-2009. Relative biomass targets for the index-based method were computed by
multiplying the projected estimate of relative biomass in 2002 by the ratio of the absolute
estimates of total biomass computed viathe AGEPRO for 2002 and 2009. No other tuning
measures were applied to devel op the index-based estimates of landings
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Redfish: AgePro vs Index
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Figure C7.8. Comparison of fall and spring survey index-based forecasts of landings (k mt) for
Acadian redfish with forecasts based on stochastic age-based projection model (AGEPRO)
for the period 2002-2009. Relative biomass targets for the index-based method were
computed by multiplying the projected estimate of relative biomass in 2002 by the ratio of
the absolute estimates of total biomass computed viathe AGEPRO for 2002 and 2009. No
other tuning measures were applied to devel op the index-based estimates of landings.
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SNE Winter: AgePro vs Index
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Figure C7.9. Comparison of fall and spring survey index-based forecasts of landings (k mt) for
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Southern New England yellowtail flounder with forecasts based on stochastic age-based
projection model (AGEPRO) for the period 2002-2009. Relative biomass targets for the
index-based method were computed by multiplying the projected estimateof rel ativebiomass
in 2002 by theratio of the absolute estimates of total biomass computed viathe AGEPRO for
2002 and 2009. No other tuning measures were applied to devel op theindex-based estimates
of landings.
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Imputed Fall Index for GB Haddock
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Figure C8.1. Imputed fall index values (kg/tow) for Georges Bank haddock. Low, median, and high survey values prior to 1963 are computed by multiplying the landings
by the 10%-ile, 50%-ile, and 90%-ile of the ratio of landings to survey index for the period 1963 to 2000. The horizontal dashed line represents the 90%-ile of the
concatenated series of the median imputed indices (1904-1962) and observed series (1963-2000).
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Imputed Fall Index for GB Cod
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Figure C8.2. Imputed fall index values (kg/tow) for Georges Bank cod. Low, median, and high survey values prior to 1963 are computed by multiplying the
landings by the 10%-ile, 50%-ile, and 90%-ile of the ratio of landings to survey index for the period 1963 to 2000. The horizontal dashed line
represents the 90%-ile of the concatenated series of the median imputed indices (1904-1962) and observed series (1963-2000).
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Imputed Fall Index for GB Yellowtail Flounder
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Figure C8.3. Imputed fall index values (kg/tow) for Georges Bank yellowtail flounder. Low, median, and high survey values prior to 1963 are computed by
multiplying the landings by the 10%-ile, 50%-ile, and 90%-ile of the ratio of landings to survey index for the period 1963 to 2000. The horizontal
dashed line represents the 90%-ile of the concatenated series of the median imputed indices (1904-1962) and observed series (1963-2000).
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Imputed Fall Index for Acadian Redfish
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Figure C8.4. Imputed fall index values (kg/tow) for Acadian redfish. Low, median, and high survey values prior to 1963 are computed by multiplying the
landings by the 25%-ile, 50%-ile, and 75%-ile of the ratio of landings to survey index for the period 1963 to 2000. The horizontal dashed line represents the
75%-ile of the concatenated series of the median imputed indices (1904-1962) and observed series (1963-2000).
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Summer Flounder (w/o Discard or Recr Catch), Fall
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Figure 9.1 Six-panel plot depicting trends in relative biomass, landings, relative fishing mortality rate
(landings/index) and replacement ratios for Summer Flounder commercial landings and the NEFSC
fall survey. Horizontal dashed (- - -) lines represent replacement ratios= 1 in (A) an d (B), threshold
relFin (F). Vertica dashed linesin (A) and (C) represent the derived relF thresholds. Smooth linesin
(B), (D), and (F) are Lowess smooths (tension=0.3). The confidence ellipse in (A) has a nhominal
probability level of 0.68 The regression linein (A) represents a robust regression using bisguare
downweighting of residual. Box plots depict marginal distributions of variables. See text for
additional details.
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Summer Flounder (w/o Discard or Recr Catch), Spring
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Figure 9.2 Six-panel plot depicting trendsin relative biomass, landings, relative fishing mortality rate
(landings/index) and replacement ratios for Summer Flounder commercial landings and the NEFSC
spring survey. Horizontal dashed (- - -) lines represent replacement ratios= 1in (A) and (B),
threshold relF in (F). Vertical dashed linesin (A) and (C) represent the derived relF thresholds.
Smoath linesin (B), (D), and (F) are Lowess smooths (tension=0.3). The confidence ellipsein (A)
has a nominal probability level of 0.68 The regression linein (A) represents arobust regression using
bisquare downweighting of residual. Box plots depict marginal distributions of variables. See text for
additional details.
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Scup (with Recr + Discard), Fall
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Figure 9.3 Six-panel plot depicting trendsin relative biomass, landings, relative fishing mortality rate
(landings/index) and replacement ratios for scup catch (commercial + recreational landings plus
discards, and the NEFSC fall survey. Horizontal dashed (- - -) lines represent replacement ratios = 1
in (A) and (B), threshold relF in (F). Vertical dashed linesin (A) and (C) represent the derived relF
thresholds. Smooth linesin (B), (D), and (F) are Lowess smooths (tension=0.3). The confidence
elipsein (A) hasanominal probability level of 0.68 The regression linein (A) represents a robust
regression using bisquare downweighting of residual. Box plots depict marginal distributions of
variables. See text for additional details.
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Scup (with Recr + Discard), Spring
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Figure 9.4 Six-panel plot depicting trendsin relative biomass, landings, relative fishing mortality rate
(landings/index) and replacement ratios for scup catch (commercial + recreational landings plus
discards, and the NEFSC spring survey. Horizontal dashed (- - -) lines represent replacement ratios =
lin(A) and (B), threshold relFin (F). Vertical dashed linesin (A) and (C) represent the derived relF
thresholds. Smooth linesin (B), (D), and (F) are Lowess smooths (tension=0.3). The confidence
elipsein (A) hasanominal probability level of 0.68 The regression linein (A) represents a robust
regression using bisquare downweighting of residual. Box plots depict marginal distributions of
variables. See text for additional details.
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Scup (Landings + Discards), Fall Survey
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Fig 9.5 Comparison of relationship between replacement ratio and relative F
for scup based on thefall (top) and spring (bottom) surveys. The vertical
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